We will describe the development of a thin film 'IC target for generating 9.17 MeV gamma rays via a (p, y) reaction for use in a commercial Contraband Detection System (CDS) employing Nuclear Resonance Absorption. The target required for this system must consist of a thin "C film backed by a high Z proton stopping layer. It must be able to withstand average proton beam powers of 17.5 kW, implanted ion doses greater than 101g/cm* and peak power densities approaching SO kW/cm2 for extended periods of time. These requirements currently cannot he met by conventional target designs employing C/Au structures. After even short exposure times of several minutes to the proton beam the targets suffer from coating de-lamination and blistering. A new more durable target design has been developed which suffers no such degradation after many hours of beam exposure. The new design consists of a thin "C film deposited onto a Ta layer which has been brazed onto a Cu cooling support.
INTRODUCTION
The design of the CIIS accelerator has been described previously [ 11, and operating characteristics of the machine are given in [2, 3] . For full power operation a 10 mA, 1.76 MeV circular spot beam is required with an rms radius of approximately 2.5 mm. For a Gaussian beam at 95% beam fraction this gives an average power density of 16 kW/cm' with peak densities at the center of the spot about 3 -4 times greater.
In order to effectively cool the target a rotating water cooled disk design was chosen. The thermomechanical design is described in detail in [4] . The work described in this paper focussed on the thin film target design, testing and fabrications, and on the issues specific to radiation damage associated with high proton doses.
The generic structure of the gamma production target consists of a thin film of "C (1 -2pm) deposited onto a high Z proton stopping material attached to a water cooled substrate. At 1.76 MeV the range of beam in most suitable stoppers is 12 -14 p n with a straggle of about 2.5pm. In order not to generate any gamma rays that may interfere with the desired signal the proton beam is required to stop completely in the high Z layer.
Due to programmatic constraints target development and testing had to be initiated prior to the availability of the CW CDS accelerator. This was done using the AES 1.76 MeV pulsed linac capable of providing 20 mA at 700 p and 10 Hz, and the Northrop Grumman VandeGraff accelerator. Figure 1 shows the various configurations that were tested. Initially all target testing was done using S cm diameter coupons coated with "C on various stopping layers and substrates. The experimental program addressed the issues of fabrication of "C test coupons by techniques extendable to ultimate fabrication of a "C CW target, measurements of target temperature rise during the beam pulse, effects of implanted hydrogen dose, measurements of gamma ray production.
EXPERIMENTAL RESULTS
Test coupons were mounted in a water cooled holder and exposed to the pulsed beam from the RF linac. The expected temperature rise of the target surface based on the solution of the Id heat equation for a pulsed heat input is given by: AT=2Wd(t/ (apck)), where p is the density, c the specific heat, k the thermal conductivity, and W the power density.
Measurements of surface temperature rise during beam bombardment were performed using a specially designed radiometer with a 0.5 mm spatial resolution and a 1 ps time response. These measurements confirmed that the surface temperature rise was reasonably given by the expression above provided that the C thin film did not delaminate. If target blistering occurred then significantly higher temperatures were observed in localised areas where blisters were forming. Typical measured temperature rises during the beam pulse were 300 K to 400 K depending on pulse length and power density used. Au electrodeposited on a variety of substrates showed deterioration of both the carbon and Au layers. The deterioration of the Au based targets was in the form of blister formation and delamination of both the C and Au layers from their underlying substrates. Fig. 3a shows arc deposited C on 10 pm of electrodeposited Au on Be after a 12 hour beam exposure at 10 mA, 500 ps pulse, and 10 HI. rep rate. Delamination of the C is evident. Fig. 3b shows the development of blisters on a C/Au/Cu target where the blister density increases at the beam edge with relatively little blistering at the beam center, and the blister size increases toward the beam center. The development of this type of feature caused us to initially question the beam profile, however target temperature profiles as shown above, and independent beam profiles obtained with an emittance scanner confirmed that the beam was gaussian. These tests also showed blistering of the Au at average doses of 8E18 ionslcm', suggesting that this was a fundamental property of the Au/H system.
Based on the performance of the Au targets we began to investigate materials which were carbide formers in order to improve the adhesion of the C films to the high Z layer. Coupons were fabricated by magnetron sputtering 50 nm of W or Hf onto 20 pm of Au on Be followed by lpm of sputtered C. Exposure of the C/Hf/Au/Be target to the beam at a dose of 9E18 ion/cm2 showed only very minor blistering with no C delamination. Fig. 4a shows the C/Hf/Au/Be target after beam exposure. Some "wrinkling" of the surface is evident. Exposure of the W interlayer target to a comparable dose showed the development of small blisters at the beam edge similar to those observed in fig.   3b , however no C delamination was evident. Two deposition techniques for "C were used : magnetron sputtering; and electron beam evaporation. The advantage of sputtering is that we get good film adhesion, relatively low substrate temperatures are required (<300C), we have the ability to coat large areas by rotating the target, and the deposition rate is fairly uniform. The disadvantages are the relatively high cost of the I3C sputter target and poor sputter target utilization. This technique was used to coat the rotating high power target described in [4] . Electron beam evaporation has the advantage of maintaining a low substrate temperature, and the ability to coat large areas. The disadvantages of the process are a non-uniform deposition rate due to the sublimation of "C from pressed powder pellets, poorer adhesion than from sputtering, and more labor required due to less process automation.
Brazed Ta on Cu targets were coated with '*C using both of these techniques. These targets shown in fig. 5 , were tested for survivability at a dose of 10'' ionsIcm2 with no degradation of the films.
Experiments were conducted on the VandeGraff accelerator to examine the gamma ray spectra of the sputtered and electron beam evaporated targets. Early targets produced in the sputter chamber showed evidence of fluorine contamination and characteristics fluorine lines were seen in the gamma spectra in the region of 5 to 7 MeV. This contamination was found to result from the use of fluoridated pump oil in tht: roughing pump.
After switching to a non-fluoridated oil and cleaning the chamber the fluorine spectral features disappeared from the sputtered targets. Fig. 6a shows spectra for an evaporated dean I3C target, and a contaminated I2C target. In the "C target we can see the 9.17 MeV gamma ray grouping with the first and second escape peaks.
A target thickness measurement was performed using the VandeGraff on the I 3 C target by measuring the gamma ray yield as a function of proton beam energy. This showed an energy width of 4 keV implying at the target thickness was approx. 0.25 pm, We have utilized this measurement to calibrate our electron beam evaporation rate and have since produced 1 .O pm, 1.5 pm and 2.0 ym thick evaporated targets. Fig. 6b 
CONCLUSION
We have found a baseline target configuration utilizing either magnetron sputtered or evaporated "C deposited on Ta foil brazed onto Cu. This configuration is able to withstand high hydrogen doses without deterioration of either the C or the Ta stopping layer because of a high hydrogen diffusivity and solubility in Ta, and the ability of Ta to form carbides and hind with the C thin film. This configuration has been operated under pulsed and CW beam conditions at average doses of lo1' ionsIcm2 with no deterioration. For a clean gamma spectrum fluorine containing pump oils must be avoided. Gamma yield measurements on the CDS accelerator show that the target was thick enough to use the full proton energy spread.
